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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIV

PRESENTATION OUTLINE

e STUDY APPROACH & BACKGROUND
* CONFIG & PERFORMANCE ANALYSIS
e SUBSYSTEMS ANALYSIS

e OPERATIONAL IMPLEMENTATION

* CONCLUDING REMARKS
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

GONPIDENTIE
APOLLO COMMAND MODULE

UNPRESS VOL 28.4 F13 MAJOR SYSTEMS
| GUIDANCE & NAVIGATION
M_mew_mc VOLUME STABILIZATION & CONTROL

ENVIRONMENTAL CONTROL
REACTION CONTROL
TELECOMMUNICATIONS
EARTH LANDING SYSTEM

EARTH LANDING PARACHUTES
REACTION CONTROL ENGINES

MAIN INSTRUMENT PANEL

RESTRAINT COUCHES

PROPELLANT
STORAGE TANKS

ENVIRONMENTAL ABLATIVE HEAT SHIELD

CONTROL EQUIPMENT REACTION

CONTROL ENGINE
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

STUDY SCHEDULE

MONTHS AFTER GO-AHEAD

]

2

wAmLow

PHASE |: MISSION & CONCEPT DEV
1. BASIC CRITERIA DEFINITION
2. MISSION & PERF ANAL
3. CONCEPT DEV
4. CONCEPT EVAL & SELECTION

AW

AW

N

DR

NN

PHASE II: DESIGN ANALYSIS
1. CONFIGURATION DESIGN
2. SUBSYSTEMS ANALYSIS
3. PERFORMANCE ANALYSIS
4. LOGISTICS OPERATIONS
5. PROGRAM DEFINITION PLAN
6. COST ANALYSIS

//////////—x///////// N |
_-/////////// NN
ARSI

LI

W//////// AN

INTERIM STATUS
FINAL BRIEFING
FINAL REPORT

fﬂﬁ |

N
| v
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

STUDY METHODOLOGY

CREW MODULE

/7

NASA REVIEW

CREW MODULE

Pl PARAMETRIC 1+ & ReDIRECTION] [[|  PRETMINARY
STUDIES ) \\\\ DESIGN
)
1 [y
|
|
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|
| ‘ :
CURRENT APOLLO INTEGRATED
COMMAND & vz_mm_ozm || spacecrarr CONCEPT MODULE PRELIM OPS &
SERVICE MODULE ERFORMANCE [l (ol comPARISON H | |nTecraTion I DEVELOPMENT
CONFIGURATION ANALYSES ANALYSIS & SELECTION PLANS
| 4
|
_
_
|
1
I
] A
CARGO MODULE CARGO MODULE
ol PARAMETRIC |» o] PRELIMINARY
STUDIES DESIGN
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

BASIC CRITERIA

PHASE i

CREW MODULE NO REUSE
REUSABILITY (IDENTIFY TRADE-OFFS)

LAND LANDING PRIMARY WATER LANDING PRIMARY
SATISFACTORY WATER LANDING|SATISFACTORY LAND LANDING

6 MONTHS INTERNAL STORAGE (CM ONLY)

EXTERNAL STORAGE _mm.v—_nm.va._.%_"nWmm_"_"mn._.m OF EXTERNAL

VARIOUS CARGO MODULE
CONCEPTS

24 HR ASCENT 24 HR ASCENT (<5 HR PARKING)

DESCENT CONSISTENT WITH
24 HR DESCENT MISSION REQMTS

NO XVEH OPNS FOR
CARGO OR CREW TRANSFER

LANDING AT APOLLO
RECOVERY SITES NOT SPECIFIED

MINIMUM MODIFIED SM ONLY

SAME

11.63 PS 61239

T GO

SiD 63-1459
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

BASIC CRITERIA (CONT)

PHASE | PHASE I
ECS-PURE O9 (5PSIA )

POWER-BATTERIES VS FUEL CELLS FOR
ASCENT

-BATTERIES ONLY FOR DESCENT

DOCKING-APOLLO CONCEPT

PARAMETRIC |GaN-APOLLO WITH MIN CHANGE
ANALYSIS

ELS-PRESENT APOLLO (USE RETRO ROCKETS
OR DEPLOYABLE HEATSHIELD
IF REQUIRED)*

PROPULSION-ASCENT: SM OR LEM
ENGINES ONLY

-DESCENT: SOLID RETRO ONLY

STRUCTURE-TRADE-OFF BETWEEN ABLATION
& RADIATION COOLED

*MODIFIED BY MSC LETTER DATED 18 NOV 63

11-63 PS 61238

m 1 prev T T

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

NN
CARGO BREAKDOWN
45-DAY RESUPPLY CYCLE
TEM WT DENSITY vol ﬂ
(LB) (LB/CUFT) (FT3)
FOOD 1620 15 108
OXYGEN 1035 72 14.4
NITROGEN 505 50 10
FUEL 560 56 10
MISC & SPARES 1245 25 50
OXIDIZER 890 89 10
REQUIRED ~ 5855% 202.4
EXCESS 1302 25 52
CARGO TOTAL 7157 254.4
CONTAINER WT 1970
I._ TOTAL 9127

¥ BASED ON LOCKHEED OPS & LOGISTICS STUDY 11,710 LB FOR 90 DAY CYCLE

11- 63 PS 61160

T AoNEDENTAS

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

QONTIORNELL,

CONFIGURATION

PERFORMANCE

il

ANALYSIS

9-63 PS 41410 A

9 SSONMERNIhn
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

PERFORMANCE GROUND RULES

*S5-1B BOOSTER PERFORMANCE - 32,500 LB
105 N MI CIRCULAR ORBIT, 72° LAUNCH AZIMUTH

*COESA ATMOSPHERE (MAX SOLAR ACTIVITY)
* SPACECRAFTAV=100 FPS FOR 1° PLANE CHANGE

* RENDEZVOUS AV =300 FPS

* ZERO TIME IN PARKING ORBIT
(INVESTIGATE UP TO 5 HR STAY TIME)

* NOMINAL LANDING IN GULF OF MEXICO
* LOCKHEED CARGO MODEL

* CREW ACCELERATION LIMITS FOR ELS PROVIDED
BY NASA

11.63 PS 61161

S LGlESENNNED
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

CONEmE—=
MISSION PROFILE

oo ®
PRE- ASCENT TO| PARKING | TRANSFER
LAUNCH | LAUNCH | PARKING ORBIT ELLIPSE RENDEZ-| STATION |DOCKING| CARGO ORBITAL
OPNS OPNS ORBIT 80N MI|260 N MI vOuUsS KEEPING UNLOAD | STORAGE

5-10 DAYS| 5-8 HRS 1 MIN = 5HRS 45 MIN 15 MIN | =17 HRS| 15 MIN [=44 DAYS| 6 MOS

260
k_ \
ALTITUDE
3 (N M)
NORMAL DESCENT EMERGENCY DESCENT

DEPARTURE| IN SPACE | DEBOOST | ENTRY EPARTURE| IN SPACE | DEBOOST [ ENTRY _
& STA TO & RECOVERY & STA TO & RECOVERY

j@

CHECKOUT| ORBIT REENTRY LAND HECKOUT] ORBIT REENTRY LAND
30 MIN 0] 25 MIN 11 MIN 24 HRS =90 MIN|=10); HRS| 25 MIN | 11 MIN |=7 DAYS
11-63 PS 61162
T SAMEBONIIS

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

. v
Lo

| :}

[AP
X
§
# y
h» r_ \
hbd 4
SRENT .
| Hin¢
el .
| , <
{ L ]

—\ 4« Mi ,«,,T. /_

B[N N == o =N
TITAN-HI C SATURN I|-B

11.63 PS 61163
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

PAYLOAD (LB)

40,000 ﬁl 1

©n \ll_uxO._mn.qu 1968 SATURN IB
1 - I - o

I.

35,000 |- " =———® 343880 (DUE EAST)

SATURN IB

30,000 -+ | HOHMANN TRANSFER 30,812 (DUE EAST)

I (FROM 105 N MI) 30,450 (72°AZIMUTH)
I

25,000 | TITAN HIC

23,000 (DUE EAST)

SATURN |
20,000 |- m}v ._O.wOO AUCm m>m.:

)\_ | |

100 200 300
ORBITAL ALTITUDE (N MI)

11-63 PS 61164
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

PAYLOAD SUMMARY
PAYLOAD
(1000 LB)
40
MSFC
36 - GUARANTEED
32 *
SPACECRAFT
ADAPTER
28 = JETTISONED o
&
24 | e/l
DIRECT >mnmqu\ e,
20 - //
l&ll&
16 &
< _ _ | _ _ I

(\r

40

80 120 160

200

240 280

CIRC ORBIT ALTITUDE (N M)

- 29 -

SID 63-1459

HOHMANN TRANSFER
(CAM PROPULSION)

27,885 LB

11-.63 PS 61170
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

ASCENT AV BUDGET
PARKING ORBIT TO SPACE STATION AT 260 N MI

PARKING ORBIT - N MI 60 80 105
e PLANE CHANGE 100 100 100
e HOHMANN TRANSFER 711 640 550
e TERMINAL RENDEZVOUS

& DOCKING 300 300 300
e CONTINGENCY m 104 95
TOTAL AV (FPS) 1222 1144 1045
e ZERO PARKING ORBIT
STAY TIME 0 0 0
®*5 HR PARKING ORBIT
STAY TIME 580 12 3

*SPACECRAFT ONLY-BOOSTER SEPARATED

- 31 -
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

LAUNCH WINDOW

uw\mn LAUNCH DELAY
FT/ 5MIN 10MIN 15MIN 20MIN )
480 e 28.5
1 INCLINATION

400 } e 80 N MI
PARKING ORBIT

320} e 80 TO 261
HOHMANN
TRANSFER

240 } VELOCITY REF

23.8MIN
160 |
80

ORBIT WAITING TIME (HR)

11-68 PS 42591

SID 63-1459 .
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

PARKING ORBIT COMPARISON

PAYLOAD (LB)
29,000
CIRC PARKING ORBIT
INJECTION WITH S-IVB
llli""l
"
28,000 |-
MSFC
REF
POINT
ELLIPTIC "
PARKING ORBIT *
INJECTION \
27,000} WITH S-1VB \
® 5 HR PARKING KN
— CIRCULAR ORBIT
== ELLIPTICAL ORBIT
(APOGEE 260 MI)
M0~°oo | | | ] |

60 70 80 90 100 110
PARKING ORBIT OR PERIGEE (N MI)

- 35 -

CARGO &
CONTAINER (LB)
11,000[
ZERO PARKING
ORBIT

> RECOMMENDED

10,000

5 HR PARKING

9000 |- ORBIT

8000 I _ _ ] |
60 70 80 90 100 10

PARKING ORBIT (N MI)

11-63 PS61165
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

COTTISERTRY
- DEBOOST CONSIDERATIONS

RANGE SENSITIVITY

* s
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__ mo _
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1200 }- 40 |
* AVCOAT
1000 5026-39 30
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eo0 20 |
6u0 | 10}
boo | | | o | ’ | 1
0 500 1000 1500 0 500 1000 1500
RETRO VELOCITY (FPS) RETRO VELOCITY (FPS)
| | | | | | il | | i
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

WEIGHT (LB)
3000 —
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1000
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION
o aismansa

ENTRY DECELERATION

LATERAL MAX
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

OONMDENTYE

RECOVERY AREA POSSIBILITIES
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

LoNmBENTHE"

LANDING ANALYSIS SUMMARY

RESCUE WAITING TIME

PROB OF LANDING
AT PLANNED SITE

AFTER LANDING (HR)

1.0095 100—
4
3
.80
751
2 SITES
.60 AVAILABLE
50—
.40 200 N MI ORBIT
29.1° INCLINATION
L/D=0.4 (CROSS-MANEUVER 25—
20+ CAPABILITY 125 N MI) 1 HOLD ORBIT
4
oL 1 1 1 1 1 1 | 0 | 17 _ ]
1 2 3 4 5 6 7 8 9 10 0 500 1000 1500 2000
HOLD ORBITS AFTER OFF-SHORE DIST (N MI)
DEBOOST DECISION
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

o o e

® COUCH EXCURSION VOLUME

® CG LOCATION FOR ENTRY, ABORT & LANDING
® INGRESS & EGRESS

® PILOTING CAPABILITY

® MOBILITY FOR IN-FLIGHT OPERATIONS
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

6-MAN CREW MODULE
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// RIGID COUCH SUPPORT LINKS
COUCH EXCURSION IN P

ZZ PLANE*7.5 _ZnImm/

MODULE EXCURSION

ALONG X AXIS
p |
.—A..w |/ o O/:

COUCH IMPACT ATTENUATOR
RETRO ROCKET

!

\
NS
T

MODULE _z_v>n|\ S ————
ATTENUATION

=X
(4 PLACES)

MODULE EXCURSION ALONG

T ANY HORIZONTAL AXIS
3.0 INCHES
(1]
HjN
+Z | - ~Z
B L\ \
I m/
a0 i \ COUCH EXCURSION IN

T T »ﬁu +
! ﬁ Y-Y PLANE T 5.0 INCHES
COUCH IMPACT ATTENUATORS
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

CONFIDENFM®
CREW MODULE WEIGHT SUMMARY

6-MAN CURRENT

ODAP(LB)APOLLO™(LB)
STRUCTURE 3,994 4,561
CREW SYSTEMS 2,104 1,206
COMM & INSTR 434 567
GUIDANCE & NAVIG 282 420
STAB & CONTROL 220 220
REACTION CONTROL 593 593
ELECTRICAL POWER 480 488
ENVIRON CONTROL 539 470
LANDING 753 673
DOCKING 195 -
SCIENTIFIC PAYLOAD - 250
CONTROLS & DISPLAYS 160 282

GROSS WT EXCLUDING RETRO PACKAGE| 9,754 9,730
STRUCTURE FOR RETROS & BATTERIES 100
REENTRY RETRO 936 -
RETRO BATTERY PACKAGE 232
GROSS WT 11,022 9,730
*NOV 63 WEIGHT REPORT
o SONRRENES

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

SERVICE MODULE

FUEL TANK HELIUM TANK

OXIDIZER TANK

BULKHEAD INSTL FWD

RELAY & SWITCH BOX (EPS) EPS RADIATOR

ISOLATION VALVE
Ho FEED VALVE (EPS)

)

UMBILICAL

RCS CONTROL UNIT
QUANTITY GAGE CONTROLLER

- Res

LO, TANKS

PRESS SYS PANEL

O, FEED VALVE (EPS)
FUEL CELLS \
ASSY STRUCTURE

DELETED FOR MODAP

LHo TANKS

HIGH GAIN ANTENNA

11-63 PS 414018

ASOMMR

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

SELECTED CARGO MODULE

OONEBENTE

ASCENT PROPELLANT
TANKS

Nrm>> DESCENT ENGINE

LIQUID CONTAINER <z |
4 PLACES \

SECTION C -C

11.63 PS61264

S et SONERNS
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NORTH AMERICAN AVIATION, INC.
-§

SPACE and INFORMATION SYSTEMS DIVISION

CARGO MODULE WEIGHT SUMMARY

6-MAN CURRENT

MODAP APOLLO *
(LB) (LB)
STRUCTURE 2,330 2,210
ELECTRONICS 224 177
REACTION CONTROL 1,418 1,418
ELECTRICAL POWER 544 1,866
ENVIRON CONTROL 234 300
PROPULSION 1,251 3,719
WEIGHT EMPTY 6,001 9,690
PROPELLANT 2,950 37,295
CARGO CONTAINERS 1970 —_—
CARGO 7,157 —_
CARGO MODULE GROSS WT 18,078 46,985
CREW MODULE GROSS WT 11,022 9730
ADAPTER 3,400 3,400
TOTAL INJECTED WEIGHT 32,500 60,115

- 59 -

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

BOOST LOADS

BENDING MOMENT

IN.-LBx10—¢

(uLT) SATURN 5

0r- MAX qa

40}

30

20 SATURN 1B
MAX JQ

10}

0 1 | I

1200 400 STA (IN.)

-—CM—|—SM—|- ADAPTER—~

9.63 PS 41402

- 61 - SONSSENINI
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

IOONFRENTAES

ABLATIVE HEAT SHIELD

WINDWARD

STAGNATION

ABLATIVE HEAT SHIELD =

MAX AT
TOUCHDOWN

23

VELOCITY VECTOR 1
(FLIGHT PATH) |t

AERODYNAMIC &

i
v

w%% _»q.;mmoum»_u- " C/M INTERIOR
' | ; 70 - 150°F
BLOCKING )

~|wOZUmU HONEY
COMBED ALUMINUM

INSULATION

GAS LAYER
CHAR LAYER
DEGRADATION ZONE

VIRGIN MATERIAL
(IN HONEYCOMB) BRAZED HONEYCOMBED

STEEL HEAT SHIELD

11.63 AP 23843A
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
MOONERENSAS
HEAT PROTECTION COMPARISON*

ABLATING HEAT SHINGLES
ITEM CONCEPT CONCEPT
WEIGHT (LBS) | WEIGHT (LBS)
ABLATING MATERIAL (710) (361)
FWD SECTION 105 0
CENTER SECTION 244 0
AFT SECTION 361 361
INSULATION (195) (380)
HONEYCOMB SUBSTRUCTURE
AND/OR HEAT SHINGLES (693) (655)
FWD SECTION 105 100
CENTER SECTION 233 200
AFT SECTION 355 355
TOTAL | 1598 T 1396 )

*FOR EARTH ENTRY

11.63 PS61200

- 65 - SOMEDENT Ak
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
-i ;

ABLATOR WEIGHT LOSS

e AVCOAT 5026-39

-6 .7
WT LOSS (%) e VACUUM 107°TO 10”7 TORR

1.6

1.4}
1.2}
1.0 |+
8|
6 |
4 |
2}V
0 | | | |

0 20 40 60 80 100
TIME (HR)
11-63 PS 61167
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

6 ARC-XM-85
SOLID MOTORS

DESCENT
BATTERIES -z

\!
&
\
\

SID 63-1459

11-63 PS61263
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CARGO MODULE SHELL
\// NON-STRUCTURAL

.V DOORS

\\
_,\(lH_,Jﬁ.wk\\,\ﬁu ® CHANGES LOAD DISTRI-

BUTION TO ADAPTER

® REDISTRIBUTES SHELL
LOAD CARRYING

9 /\OLT - | MATERIAL

E-EQUIPMENT STRUCTURAL DOORS
C-CARGO e LOAD DISTRIBUTION
UNCHANGED
® SEPARATED BY SHAPED
CHARGES
11.63 PS 61262
- 7L CONMDEN IS
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

COMBINED TEMPERATURE-
TEMP (°F) -8
: e 10 ° TORR
200 — @(0) :»S 0(1.03) o KEY
e e Q/e=0.6 :%9,
@ SILICONE
.v ® NYLON
130 1= © © URETHANE
(10.0)
© VINYL
INSIDE WALL-SUNSIDE (MAX) = CHLORIDE
| ® EPOXY
100
© ELECTROFILM
80 ® VITROLUBE
* (.25) ®
60 |— (10.0) A FLUORO-
- ELASTOMER
@ BUTYL
CREW COMP (MIN
( ) > NEOPRENE
(] POLYETHYLENE
0
. INSIDE WALL-DARKSIDE (MIN)
w0 | | | | | 1 L1 |

1 2 5 10 20 50 100 200 300 400
ORBITAL STORAGE TIME (DAYS) 8-63 PS 51157 A
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
BONEHDENTIAES

RADIATION ANALYSIS

TOTAL
DOSE THRESHOLD DAMAGE DOSE TO
(RADS) MOST SENSITIVE COMPONENTS
2000 = =-mm e e e el -
4

1800} ® 30°INCLINATION .
®6% OF HESS FLUX ,’

1600} Y
Y 4

1400}
1200} o
1000} o 260 N M

Re UNCHANGED
800" . = = = = REDUCED
600} ss ABLATOR
400} P 200 N MI

200

I
0 40 80 120 160 200 240 280 320 360

MISSION DURATION (DAYS) es s onee
75 - SONPDENTN
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,, NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
w

METEOROID ANALYSIS
PROBABILITY OF NO PENETRATION

CONICAL CONICAL
%mmrww, HEATSHIELD | HEATSHIELD
RENE SHINGLES|56% ABLATOR

0.998 0.996 0.997

ST NN

SID 63-1459

PRESS. WALL
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CAM ATTACH

PRESS. WALL
WITHOUT
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

STRUCTURES ORBITAL STORAGE

*EXPECT NO FATIGUE OR CREEP PROBLEMS

VEHICLE TEMPERATURE - 100 TO+160°F

CYCLIC STRESS (TEMP)=0 TO 30,000 PSI PRESSURIZED
=10,000 TO -20,000 UNPRESSURIZED

o,v_~0w>m__._._.< OF NO METEOROID PENETRATION>.992
*SEALS MAY DETERIORATE FROM RADIATION

s WEIGHT LOSS OF ABLATION MATERIAL IN VACUUM
SLIGHT

11.63 PS 61246
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NORTH AMERICAN AVIATION, INC.

DOCKING CONCEPTS

SPACE and INFORMATION SYSTEMS DIVISION

DOCKING WT PENALTY
SYSTEM SKETCH PACE ssace |ADVANTAGES DISADVANTAGES
CRAFT (LB) mqomw_%z
nmzmx Ront MINIMUM WT DISASSEMBLY
140 80 DESIRABLE DYNAMICS OF DOCKING
4 DROGUE MECHANISM
SIMPLE MECHANISM
MINIMUM MAJOR DEVELOPMENT
INFLATABLE @ -— EFFORT
15
PROBE INFLATED” ° 73 A EQURTION DISASSEMBLY OF
ELASTOMERIC TUBE DOCKING MECHANISM
EXTENDABLE MINIMUM MAJOR DEVELOPMENT
TUBULAR BOOM 150 75 ATTENUATION EFFORT
(STEM MECHANISM) REQUIRED DISASSEMBLY OF
DOCKING MECHANISM
n_z%omm_om | DISASSEMBLY
- -1 150 75 DESIRABLE DYNAMICS OF DOCKING
(MSC CONCEPT) MECHANISM
DISASSEMBLY
.ﬁmm%:whmﬂm it CABLE 150 75 DESIRABLE DYNAMICS OF DOCKING
L/ MECHANISM
mmﬁ&ﬂ»mxoswm
INFLATABLE PROTECTION
TUNNEL Jmﬂl 200 75 GOOD INGRESS/ MAXIMUM WEIGHT
EGRESS CAPABILITIES
3 POSSIBLE
GEMINI/AGENA | —— 125 125 GOOD ALIGNMENT FRICTION SEIZURE
_L CAPABILITIES PROBLEMS
11.63 PS 61199
- 81 -
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‘ NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
- OONFIDENT

11-63 PS61258
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CARGO CONTAINER TRANSFER

CAM EXTERNAL CAM INTERNAL

11.63 PS 61260

CONPIBENTAL
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CAM EXTERNAL CAM INTERNAL

11.63 PS61261

- 87 - OONMDENT
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

PHASE | ELS STUDY

* REQUIREMENTS

CM REUSE
LAND LANDING PRIMARY
EMERGENCY WATER LANDING

e CONSTRAINTS

NO INTERNAL SHOCK ATTENUATION

S&ID - SPECIFIED NOMINAL
ACCELERATION LIMITS

11.63 PS 42567

-89 -

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

OONMDENTME
PHASE |
__RECOVERY SYSTEM COMPARISON

LANDING | %zcm | FILLING | MAX CM MODS | DEVELOPMENT
CONCEPT TIME | LOAD |RELIABILITY
CONDITIONS | wr
(SEC) (LB) REQD STATUS
CURRENT
Vy =24 FI/SEC | 5. UNDER
APOLLO v / 5.5 13 24K | 0.9999 MINOR | HEVELOPMENT
(3-88 FT CHUTES)
Vy £ 3 FT/SEC ® LANDING
PARAGLIDER V=96 FT/SEC GEAR cm<.m_P7_o_u_.m§_~mzq
(34 FT X 44 FT) | L/D=~3.5 22 20 15K 0-9954 FOR GEMINI
® CONTROL
Rm=23 NMI SYSTEM
_.>_~m_m_ou Vv = 24 FI/SEC ., CONTROL wWinD
ACHUTE e TUNNEL
(1-140 FT DIA L/D=~1.5 9 40 12K 0.9996 | ‘system & DROP
+ BACKUP) Rn=9.6 NMI TESTS
4-CHUTE ADDTL FULL SCALE _
CLUSTER V, =21 FI/SEC | 4 19.6 16K 0.9998 ATTACH TESTS
(4-78 FT CHUTES) POINT OPERATIONAL
USE
47
3600
BALLOON (He)
(120 FT DIA Vy=0 12 — | — —_— —
(HOT 180
AIR)
11-63 PS 51122A

-91 -
SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

PHASE | ATTENUATION
SYSTEM COMPARISON

N

CONCEPT ﬁw* ADVANTAGES | DISADVANTAGES

—

e MAJOR CM MOD
¢ STOWAGE
® HIGH WEIGHT & LOADS

¢ POOR LANDING STABILITY

>100 |® Vy& V|, ABSORBED

EXTENDED EXTERNAL STRUTS LB BY SAME STRUT

Mx.ﬂw_w_wﬂwmﬂm»_qzmuﬁo _meo e SIMPLE SYSTEM ¢ NO HORIZ ATTENUATION
e LOW STROKE EFFICIENCY
EXTENDED HEAT SHIELD <50 .Hﬂ:ﬁwﬁwwmw ¢ GROUND SENSING REQD
& MULTIPLE VERTICAL RETRO | LB “5<< Pt e NO HORIZ ATTENUATION
<75 |e LIGHT WEIGHT © GROUND SENSING

BALLISTIC REEL & STRUTS LB [e150 LB FOR VI=0 | CM MODIFICATION

INCREASED CHUTE <10 ® GROUND SENSING
PRESSURE & STRUTS s |° LIGHT WEIGHT ® UNDEVELOPED

e e

N — A —————

* TO REDUCE VERTICAL VELOCITY TO 11.8 FT/SEC
8-63 PS 51164 A

93 LONGOENTAS

SID 63-1459
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|
NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
‘ PHASE |1l ELS REDIRECTION

* WATER LANDING PRIMARY

* SATISFACTORY LAND LANDING
CAPABILITY

* NO REUSE

* NASA - SPECIFIED ACCELERATION
TOLERANCES

e MINIMUM MOD OF APOLLO SYSTEM

SAME RECOVERY SYSTEM

* ADDITIONAL ATTENUATION IF REQD (RETRO
AND/OR EXTENDABLE HEATSHIELD)

¥ MSCLETTER (18 NOV 63):"“---.LOW PROBABILITY OF AN EMERGENCY
LANDING ON LAND IS EXPECTED TO BE WITHIN THE ACCEPTABLE

MISSION RISK & NO SPECIAL ATTENUATION DEVICE SHALL BE
STUDIED FURTHER ----"

11-63 PS 42568

AONHBENTE-

- 95 .
SID 63-1459
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

APOLLO DROP TESTS
CM ACCELEROMETER DATA

80 . A SOIL LDG
i | (VH=27-34 FPS,Vy=27 FPS)
70r | © WATER LDG
60} ' (VH=9-30FPS,Vv=25-29 FPS)
50| & 40
A6
40 s
i o 119 45 1
xS0 L ;52 O 00
20} 20 - ; 1
D ]
(9) ol m m 2
Of - T T :
i ]
-10| m i
-20} m ~ \-EMERGENCY
-30} .rzowz>_. .m
-40 _ | ::::n_.nu.ln.lrnuu..._......\% | |
50 40 30 20 10 0 .0 -20 -30 -40
‘JN Amv 11-63 PS 61244
- 97 - E

SID 63-1459



65¥1-¢9 dIS

IwOI

"POJEBOTPUT 30U 2I0J9I9Y]} 9I€ SUOTIISITP 9S2Y] Ul SPBOT dY3 !SITWI] VSVN U3 uryirm
SUOT}O9ITp Z-7Z PU® X-X oYj ut 3oedwrt Surpue| dyj 93enusjje 0} SINIIS [RUINUT sBY JVAOW UL

"JIeyd }X9U 9y} UO UMOYS s® SUIpeol ,D. A[EMOI[® YSVN 2U3 ueyj x93e213d st Suipeol D,

STy ~9INJONIIS 9Y3} SE PROT ,,D) SWES 9y} [99] P[NOMA MIID dY} ‘SINI)S UOTIRNUIPE [EOTIISA SATY jou

$90p AVAOW 2Y} 20UT§ "(STX® X -X) UOTIDAIIp [€IT3I94 Y3 UT 9INIONIIS Y3 UO PBOT 1Dn po1e[noTed 9yl

ST 3I1BYD 9Y} UO UMOYS '9PNIII[B PUE S9}B}S €IS PUR ‘[BOI}I94 PUE [BIUOZTIOY Y}Oq ‘59T1I00]9A JUBPUIE
IToU) YITM umoys o1® 9jerado o3 pairnbal st JVJOW YOTYsm I9pun sUOTITPUOD Sutpuer 821yl ayJ,

‘sox® 991U} [[E® I0J speOo] SUIpPUB] 9Y3l 9}BNUIE
YOTYM S$9YONOD ,SINBUOIISE Y} 0} PRIDSUUOD SINIIS [RUIDIUT 91T 219U} ‘UOTIIPPE U] "SPEO] Burpuer ay3

ojenuaire d{ay 03 quodAauoy S[EYSNID ST IJYF YOTYM UT I9UI0D dUO U0 SPUB] ITNPOW MI1ID ayJ] -218ue®
99189p-(0¢ ® 1B S2INYD 9y} WOIJ I[NPOUW MIID 3} spuadsns 3dsouod Surpuey ojjody [eWIOU 2YL

LdADNOD STHd OTTOdV

~HANTEENGS

NOISIAIAO SWHALSAS NOLLVIWHOUWNI PUB HDOVIS ONI ‘NOILVIAY NVOIHINY HILIHON



NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

Vy = 24FPS
VH = 0-28FPS
SEA STATE 3

*X-X AXIS g

STRUCTURE _ CREW

35

35

EMERGENCY WATER LANDING
Vy = 28FPS (ONE CHUTE OUT)
Vi = 0-34FPS
SEA STATE 4

45

45

LAND LANDING
Vy =  25FPS
Vi = 0-34FPS

ALT 2000FT

42

42

*Z-Z & Y-Y CREW LOADS ARE ATTENUATED WITHIN TOLERANCE
- 99 _

SID #3-1459

11-63 PS 61247

SDhhE



TeEGRNGO

65¥1-¢9 IS

- 001 -

‘UOTD9ITp |BIUOZIIOY 2Yj ut speo] ajqeredwod Yimm ‘uorjdalTp
]E2TII0A 2Y] UT ,,§,0D),, 9ATJ 0] 931y) woIy d3uel [[TM MdID dYj Uo Suipeol ,\D,
juejnsax ayg, “1d0edwt uodn peayying asanssoaxd 13e oyl Surjexjouad woay pIAIYs JedY
172 oY) 1uaaaid [11m AITD019A JUIDISOP [BITIIDA UL UOIIONPAIL STY]  "pPUOISS 12d 3993
21 01 g usamjoq 03 A1TDOT9A JU2ISSP |BITIIDA 3Y) SONPSI ]im pue 1oedwt axo3aq ysnf
SIT] 111 UDIYM POPPE USI( SABY SI2XD0X 0I191 ‘S1Y) jusasid 03 19pio ul pesaHIng
j3e oyj 2anidnt pue apfong Ijm (puodas 1od 1997 g7 03 $7) pajdoadxs spoaods [ed13I9A
oyj 1 Sutpue] PIATYS 1BOY 9Y] ‘ISAIMOH °SUOTIO2ITp [RIUOZIIOY pue TBONISA °Y) UL
sin13s jroddns yjmm soyout 1 Ajojewrtxoxdde pokoidap s1 p1a1ys 189Y ' 9YL

*AVAOW 1037 Isuurwd
Sutmoijoy oy3 ut pafueyd usesq sey ojjody 2Y3 103 wrolshs Suripuel yjres a2yl ‘sITwaI]
POPULIWIOIDI YSYN 29Ul UTYIIM SITUIT] UOTJRIDIDIDE MIID 9] 8utaq o3 a19pIo Ul

IJdADONOD STHd AAANTINNODIY

i

NOISIAIA SINALSAS NOLLVINHOJANIT PU® 4OVdS "AONI 'NOILYIAVY NVYOIM3IWY HLNON



NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

MAX CREW g LOAD

NORMAL WATER LANDING

Vy = 8 FPS
VH = 0-28 FPS
SEA STATE 3

EMERGENCY WATER LANDING
Vy = 12 FPS (ONE CHUTE OR RETRO OUT)| 5
Vi = 0-34 FPS
SEA STATE 4

LAND LANDING
Vy =9 FPS 5
VH = 0-34 FPS
ALT = 2000 FT
* ALL AXES

11-63 PS 61245

- 1oL - SOONRDEAII

SID 63-1459
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

RECOMMENDED ATTENUATION SYSTEM

®RECOVERY SYS SAME AS PRESENT APOLLO

®
’.’/

f
)

VERTICAL STRUT ASSY
AIR-OIL-4PL

RETRO MOTOR
STOWED
WP=6.50 LB

N APPROX.—__

N\ N\ \—HEATSHIELD
Y \ THRUSTER-4 PL

ABLATION \
\\ 7 !
\\
HEAT SHIELD -
EXTENDED
11-63 PS 42602
103 - AAONFDRALLL,

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

AR PR

SUBSYSTEMS

ANALYSIS

9.63 P559685

- 105 - SONMBEN

SID 63-1459
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

SUBSYSTEM PHILOSOPHY

® UTILIZE EXISTING APOLLO SUBSYSTEMS
WITHOUT CHANGE WHERE POSSIBLE

OR

® MODIFICATIONS SHOULD BE MINIMUM
REQUIRED FOR MISSION ACCOMPLISHMENT

OR

® WHERE NEW SUBSYSTEM CONCEPTS REQUIRED,
SELECTION BASED ON AVAILABILITY/COST
AS WELL AS TECHNICAL FACTORS
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

MAJOR SUBSYSTEMS

v ENVIRONMENTAL CONTROL
v POWER

v PROPULSION & REACTION CONTROLS
v COMMUNICATION & INSTRUMENTATION
v GUIDANCE & CONTROL

v CREW SYSTEM
® EARTH LANDING SYSTEM

e DOCKING

11-63 PS59691 A
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

BASIC APOLLO ECS
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTENMS DIVISION

THERMAL ANALYSIS
EXTERNAL STORAGE

SURFACE SURFACE
TEMP TEMP
(°F) (°F)
200 50
(3 ]
1501 N/\
o -
100} APOLLO
PAINT
50} APOLLO -50 | COATING
ABLATOR 3
o} 2
3
2 -100 F4
-50 \\\\/
4 SUN 5
-0k -150 }
0 360 [ | | | | |
0 360

TRUE ANOMALY (DEG) TRUE ANOMALY (DEG)
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‘ NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
OPTIMAL THERMAL CONTROL
EXTERNAL STORAGE

———»  SURFACE
2\ TEMP
(°F)

)

50 100 150 200 250 300 360
TRUE ANOMALY (DEG) .. v
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

POWER PROFILE

1. LAUNCH 6. DEPARTURE
2. ORBIT & ATTITUDE ADJ 7. SYSTEM CHECKOUT
LOAD 3. HOHMANN TRANSFER 8. DEORBIT
(KW) 4. RENDEZVOUS 9. REORIENTATION
5. DOCKING 10. REENTRY CONTROL
2.5r 3 4 10
122 89
2.0
1111 |
I-5F 2 2 2 5 2
1.0} _
. |.STORAGE_
. (6 MO) 7 DAYS
1 | 1 f ] 1 ] [
0 5 10 15 20 24 /\K O 5 10 15 20
TIME (HR) TIME (HR)
ASCENT DESCENT
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CONLIDEA Al

NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

POWER SYSTEM COMPARISONS

SYSTEM WT
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REQMT
LEM FUEL CELLS -~

GEMINI FUEL CELLS

o

Ag-Zn DESCENT

- m>:mz_mm|/ o
4

Ag-Zn ASCENT

ASCENT
zmn.uzz.

i
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" BATTERIES
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| ) \ & _ | I
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

TR
POWER SYSTEMS STORAGE
*qwzq %M._.W%m GAS GENERATOR
700 I * ASCENT & DESCENT \!
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ELECTROLYTE
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| _ _ _ ] |

/| BATTERY CELLS
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

SID 63-1459

GONEALALA
e ASCENT
THRUST FHROTTLE |GIMBAL| COST
APOLLO SM | AEROJET 21,935 50 NONE Rl 320,000
R M__,_ﬂﬂom AEROJET 8,000 2 NONE + 6 —
LEM ASCENT BELL 3,500 50 NONE NONE | 110,000
|LEM DESCENT xom_mmw_ww NE| 10,500 20 10-1 t6 95,000
_ MOD SM AERO JET 21,000 50 NONE 7 315,000
e DEORBIT
THRUST |TOTAL IMPULSE| WEIGHT COST
MOTOR | MFR (LB) (LB-SEC) (LB) ($)
EPD-266 | THIOKOL 12,000 300,000 1162 wa;o_wms
X- 248 | HERCULES 3,000 114,000 514 14,000
BE-3-A2 | HERCULES 5,600 56,000 268 15,000
XM-85 ARC 1,100 38,000 156 13,000
123 . 11-63 PS Emuw
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

PROPULSION SYSTEMS
COMPARISON
MANEUVER PROP. DEBOOST PROP.
SYS WT (LB) SYS WT (LB)
6000
BASIC SM ENGINE \ 4000 - SOLID PROPELLANT
5500] (lgp = 255 SEC)
« AV = 550 FT /SEC
5000 |- 3000
4500 |- MOD SM
ENGINE
4000 - m\\lmeU 2000
3500 |-
LEM DESCENT
3000 - \/ ENGINE 1000
2500 I LEM ASCENT ENGINE i
* INITIAL WT = 29,100 LB :
oﬁ\/. I ] ] 0 1 J |

0 500 1000 1500 0 10 20 30

AV (FT/SEC) SPACECRAFT WT (1000 LB)

11-63 PS 59698 A

T CONSRENTS

SID 63-1459



65¥1-¢9 dIS

. e - 921 -

‘uwioyshs uorsindoad 311q10-9p JVAOW POPUSWILIODISI 3y} ST ‘pPally 94 XIS 9Y} JO 2Al}
yorym jo ‘sIojowr gg-JAX XIS JO I3IsSnid ®© ‘qyStem pue ‘3sod ‘£3IIqeIlaa ‘sdourwiojiad uo paseg

*1800 Jaydty £13y311s ® 1® spunod Q0¥
jo sSuraes ® ul §3[NSAI §,G8-NX XIS JO I9JSND 92U} SUOIJBILPISUOD 350D pue JY31am Uuo paseqg

*poJIJ oI INOJ PUEB S[(e[IBAR SI® SO[NDISH 2AI} JT 10 ‘pally
oI® OAI] PUE S[QE[IBA® 91 SI0JOW G@-JNX XIS JI o1qissod sT STYL °666 °0 Jo Adouepunpaz L311IqEBITO T
® 9ASTYOE 01 AIBSS9D9U ST }1 ‘I0jow PIfOs S13UlS ® I0F 66 °0 JO LIT[IQRI[SI B SOWINSSE dUO jJ]

‘sI0j0W G@-JAX Al I0 SSINDISH INOJ :oJ® juewairnbel s1yj 399W YITYM SUOTIRUL]
-woo 9Yy] ‘*poimnbox st sooifep z ¢ o18ue L1jueax e ‘ulrsep ploTys jELY peuaiyldil oYyl uo paseg

*(3In00g onig) 6g-NX uonjerodio) yoaessayy d1juely pue ‘(orjalx 1a8uey) zv-¢-ad

sornoaay oae uotsindoad j1qro-ap oY) Surtwrozrad jo o1qeded siojowt pIIOs parfrenb Burnisixy

NOISTNdOYdd OdLldY™

TVILN3dIINOGD

NOISIAIAd SINHLSAS NOLLVINHOANT PU® HOVIS "ONI '‘NOILYIAY NVODIHIWY HLHON

/



-,“EE‘
|

REENTRY
ANGLE

400

NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

RETRO PROPULSION

4 HERCULES

500

BE-3-A2

600 700
AV FT/SEC

NOMINAL
REENTRY

800

- 127 -

FIRING
MOTORS |pRroBABILITY

SINGLE
4 OF 4

SOFS5

4 OF 5
5 OF 6

RETRO
PACKAGE

FIVE BE-3-A2
SIX XM-85%*

¥ RECOMMENDED

11-63 PS 42276A

SID 63-1459
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NORTH. AMERLCAN AMIAT QM. INC.

SONESLAHe

SPACE and INFORMATION SYSTEMS DIVISION

LANDING RETROS

MOTOR 1.4 DS950 ﬁux\.ﬁmoo MARC 20
DESIGNATION | 2)
" ROCKET
FORD [ "M>-REL C
MFR . POWER AR
k106
APPLICATION [SHILLELAGH = ¢ POLARIS
i
%
TOTAL
THURST * (1g)| 3780 mooo\ 6472
| 7
BURN TIME 1.27 \.E\ 0.65
(SEC) \
TOTAL \\
m_Nm*:zf 654 253 306
* 4 MOTORS
11—63 PS 61174

BURN TIME
Ammnv AV (FT/SEC)
8.0F
6.0}
4 0F
2.0F
r/
1.0 \\ 1.4 DS 950
8 \ 0.7 KS 1500
-6 ARC MARC 20
4
N | 1 1 1 1 1
10 8 6 4 2 1 .8
*TOTAL THRUST (LB X 10-3
- 129 -

SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

REACTION CONTROL SYSTEM

-Z
! +Y

‘_

w2l gy [ eoreuams T enspeee Touramon
CREW [ROCKETDYNE| 12 91 270 | NoO4/MMH | ABLATIVE 130
nu__%uo MARQUARDT| 16 100 | 300 | NoO4/AERO 50| RADIATION | 1000

1-63 PS 61237

- S “ToREDETTTL

SID 63-1459
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
AGSNEIRENTIAL,

RECOMMENDED PROPULSION

4
T . N[0
mZNO&.m , 2 /\”\,_«.@A

] 3
(10° LB) | (SEC) | (LB)
1 ASCENT ENG ROCKETDYNE| 105 305 4150
(LEM DESCENT) OR STL . (2950)
2 DEORBIT MOTORS
S XM oo) ARC 5.5 255 936

3 LAUNCH ESCAPE LPC 139.4 220 | 4745

4 JETTISON MOTOR | THIOKOL 3.2 223 438

5 PITCH MOTOR LPC 2.2 220 48

11-63 PS 61242

T MSNERRLLLL,

SID 63-1459
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NORTH AMERICAN AVIATION, INC. @ SPACE an d INFORMATION SYSTEMS DIVISION

RETRO ORBITAL STORAGE
MODULUS
(PSIx10-3)
1.25
= 1217 5°F POLYURETHANE
100k ==T=-65F IMINE, SAMPLES
N\
//////// e IGNITE EASIER
S //// N\
A o SAME BURNING
50 |- > /ﬁoﬂ/x/ﬁ/ﬁ/_ﬁ///w%ﬂm RATES
. @,//////////./ e SAME IMPACT
s LA 10-5 TORR SENSITIVITY
__S:oo RADS
) 2 4 6 8
TIME (WK)

- 11.63 PS 61249
- 135 - UNRRRLILL.
SID 63-1459
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

SONGIREALLLS
PROPELLANT ORBITAL STORAGE
CM RCS k SUN .
200 — MMH BOILING ﬂwﬂo%m |
150} NOZZLES
100}~ TEMP (°F)
N,04 BOILING 150~ |
........................ ACTUAL VALVE
50— ENVIRON
N,04 FREEZING 100 \
o i.\\\ |||||||||||||||
50
ACTUAL
-50 TANK ENVIRON,
MMH FREEZING JNI
~100 | _ _ | . | | _ |

0 90 180 270 360 90 180 270 360
TRUE ANOMALY (DEG) TRUE ANOMALY(DEG)

11.63 PS61265

S 137 SSOMRRCNTIAL
SID 63-1459



SR eevITE9 IS

- 8¢l -

‘sjutod 3893 00027 I24a0 3urpraoad snyj ‘10309UUOD

yoes uo syeurwriol reudts ¢ uo jusasaid o3ejfoa oY) peSI [[Im [9uUBd UOTINQTIISTP BJBP SY} UI SI03D9UUOD

sjerzdordde pue sUOI}DOUUOD pIod ‘parrnbal ST B3ep SI0W JI °POIBISUSS 21® STRUIIS [ENSTA ‘SITWI]

103e1edWwod molaq I0 aaoqe of sreufis jndur oy} ISASUSY, suoldunjTRW juswdinbs 33eD0T 03 MDID 9}
0} sorjIIoe] 9plaoad pue A[snonurguod sjutod 3893 0G1 03 dn IojTuUOW [[IMm Wa}sAs 3893 yB1rr-ur sy,

‘dVAOWN JO sjuswaxrinbar sjerspowr 9Yy3 Jo 9sNeddq padnNpat uaaq
sey JNDJ JO junowre ayJ ‘e}ep [e3IfIp I92yjo Yyyim Surjquesse pue ‘Surznpidp ‘Sureinwwiod Aq eiep ay3
sassooo0i1d pue sweadoid juswrdinbs INDg 2UL ‘wra3sAs Arjowate] a3 asodwoo swalsAsqns 9AT ]

-1omod ssaT sosn pue ‘1a3ySI[ ST ‘sofrwu fedIneu QO o1 dn sejerado 31 9snedaq JVJOW 10F popuswt

-wooo1 ST ropuodsuel] pueq-0) TUTWSN 9YJ SO[IW [ed13neu gQ‘01 03 dn selues 10y pauld1sap ST Uod
-eaq orrody @Yl ‘PIRIYS 3BIY PIBMIOJ 9Y} ILIU PIJUNOW SEBUUIJUE INOJ S3SN J] ‘UOIIEIS punoad ay3 woaxj

suoryeSorrajur asind papod 10 papodun o} asuodsaz ut sar[dex welsds rspuodsuerl purq-D YL

‘a70su0D 2yj3 uo pakerdsip 10 swaysAsqns ajeradordde ay3 0) pPa3d9ITP ISYIIS 21 JBY} SPUBWIWIOD aouepind
pue e1ep uorjedtaeu Arrenorlred ‘punoad ayj wodlj elep 121181p seareooa juswdinbe yuir-dn ayfg,

‘Axjeowratal DI Ul

sjTwsueI) Wo3shks W/ IHA Y] 'SBUUIIUE AIDA0DDI JHA OM] 9} IO BUUIJUB JHA 9Y} I940 Burjexado

uooseaq A1940091 JHA dmoeq ® se pasn aq osTe Lew 3] ‘suoljerddo AI19A0091 pue [BJIQIO guranp uotl
-esTUNWWOD 90104 XaTdwits sopraoad I9AT9DSURI) NV /JIHA 92Ul ‘Swajsdsqns JHA 991Ul 8I' 2I9Y]L

‘uotgerado Loy gD I0 UOTIBINpPOW gSS PUE NV YlOq SIZI[IIN I2AT9DsURI) Y] "AI9240091 Suipue]
-3sod Suranp suomedTUnWIWOD pue Fupury uoryd91tp ‘3ysdIs jo aur] puodaq sapraoxd walsds JH 9YL

-uoryels aokds ayj Yjtm I0 ‘punold oyl Yilm ‘ISYJ0 YdEBd YItm
91BOTUNIWIOD 0 MDIO 9y} 2[qRULS 03 3jeidadeds oy} UTYIm sTeulls 92104 saryifduwie 192jUaD OIPNR YT,
‘pa3aTop uaaq sey juswdinbs
pueq-g 2yl ‘satio3daler; JYAOWN Yt a1qiyedwodur ST STy} asnedaq ing ‘39U ISO 2U3 Y3ta suorjedtunu
-wo> pueq-g sasn osTe offody “Miomj}du gSOD pawweidord ay3 Yy3tm a[qryedwrod st pue oirody jo uotrjed
-IJTPOW WNWITUTW ® sjuasaidal wojshs 9y], ‘uoljejUdWINIISUT JYSI[F-ul (L) pue ‘Butwary pue Axjawaisl (9)
‘woysks SurBues pue Sunoery (g) ‘3uswdinba yurr-dn (§) ‘sjuswdinbe gHA (¢) ‘(dIH) wialsds Aouanbaag
-yd1y (2) ‘Io3ued orpne (1) :JO S3}SISUOD wI93sAS UOIJBJUSWINIISUTI PUBR SUOTJRDITUNUWIWOD JVAONW =YL

NOILVINAWNYLSNI 8 SNOILVIOINNWWOD

TVIINIQIINOD

NOISIA KI SINLASAS NOLLVIWHOMANI PUB HIVAS \ ONI 'NOILVIAY NVIOIHINVY HLYON



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

200NiB b
HF BACKUP VHE VHF VHF/UHF CM 2kmc SM 2 kmc
WHIP RECOVERY RECOVERY ANTENNA ANTENNA  ANTENNA
\
C-BAND Y 4 4 Y Y
ANTENNAS HF/VHF DIPLEXER VHF T
v v _\ _ /UHF DIPLEXER ANTENNAI |
| |
VHF MULTIPLEXER “.mé_qmm.“
LIl [ { I
VHF ] i
HF VHF/AM VHF/FM COMMAND | | TRANSPONDER, !
XPDR RECOVERY ' I
XCVR BEACON XCVR XMTR RCVR "..-._"..&.mm,.\m-.i“
| , . ' )
1 : 1 ! I Y 4
CONTROL CENTER m
H H h .
AUDIO ‘ CENTRAL
r--»| PREMOD PCM
CENTER | 1+ ]PROCESSOR TELEMETRY TIMING
T | W
T i INFLIGHT
' -—— DATA TEST
1ISYSTEM 1 SIGNAL
RYSTEMS STORAGE COND &
HIGH FREQ DISTRIB |e———ANALOG
DATA
--- DELETED FROM APOLLO FOR MODAP
L i wwo i 11.63 PS 61175
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

COMMUNICATIONS EQUIPMENT

LINK FREQ (mc) MODUL FUNCTION BANDWIDTH L
2597 UP
VHF/AM 296.8 DOWN AM VOICE 3 ke
VHF/FM 237.8 PCM/FM TELEMETRY 1.6 kb/s
UHF 406-450 PSK/FM COMMAND 2 kb/s
5690 UP
C-BAND 5765 DOWN PAM TRACKING 12 mc
VOICE
VHF/AM 2968 AM PAM RECOVERY 3 ke
243 cw BEACON
SSB VOICE
HF RECOVERY
VHF/HF
VHF/HF
RECOVERY BACKUP
RECOVERY
VHF/ UHF
- VHF/UHF
N C-BAND 11.63 PS 61177
- - SONRRALL b
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
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: _ SU e
90° 120° 150° 180° 150° 120° 90° 60° 30° 0° 30° 60° 90°
1. CANAVERAL 3. PRETORIA 5. HAWAII 7. TEXAS
2. BERMUDA 4. CARNARVON 6. GUAYMAS
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
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1. CANAVERAL 4. KANO 7. HAWAII
2. BERMUDA 5. CARNARVON 8. GUAYMAS
3. CANARY IS. 6. CANTON 1IS. 9. TEXAS
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

REENTRY COVERAGE

60°

30°
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30°

60°

1.CARNARVON
2.HAWAII
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

“CONERELA-
COMMUNICATIONS ORBITAL
| STORAGE

PROBABILITY

OF SUCCESS MAINTENANCE
. INTERVAL (MO)

1.00 _Z._.mwnoz_z—l/ —HE

HE-VOICE—~ 3.0lvorce

UHF COMMAND

95 ~—
/:! 2.5 REDUNDANT
C-BAND
REDUNDANT
90} C-BAND 2.0 VHE/AM VOICE
VHF/AM VOICE
TELEMETRY 1.5 TELEMETRY
851

1.0
8ol ®BASED ON /
QUIESCENT C-BAND
STORAGE .3
75} | | | ] ] ] ] ] ] I I |
0 1 2 3 4 5 6 1.0 98 96 .94
STORAGE TIME (MONTHS) PROB OF SUCCESSFUL OPN

11.63 PS 61181
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CANDIDATE G&N APPROACHES

*APOLLO G & N

* MODIFIED APOLLO G & N
NO NAVIGATION
NO - BOARD NAV
GOSS NAV

e APOLLO SCS

e MODIFIED APOLLO SCS
GOSS NAV

11.63 PS 61252
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G&N COMPARISONS

NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

NAV BOARD | GOSS NAVIGATION
NAV
MOD MOD N\l APOLLO ¥/
G&N* G&N™ RN sCS \
WEIGHT (LB) 549.2 | 579.2 NS4QQ) 357 .0 5
Lo PHASE LN MI | 59.1 1.8 Ny 3.3 \ %% %
INJECTION FT/SEC| 145 9.1 NN 5.6 V58
ERRORS PLANE Ml |03 4 NN 0.5 705
(5 HR PARK FT/SEC| 3.3 11 N\ 27 7 %7
ORBIT ) RADIAL N M!I | 11.0 0.2 N 1 VA
FT/SEC| 412.0 5.1 N 7.4 4%
| o
ENTRY DOWNRANGE 87.5 \
ERRORS NOT COMPUTED //%% \\%&
(N MI) CROSSRANGE //% 50.0 \\

*
INCLUDES SCS

- 153 -
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G&N SUMMARY

IMU-NAV BASE
SCT & SXT
COMPUTER
PSA
CDU
REMOTE DISPLAYS
MISCELLANEOUS
RENDEZVOUS

APOLLO WEIGHT
(LB)

(LB)

MODAP WEIGHT

NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

86.2
45.8
70.0
56.7
16.5
122.9

93.5

62.0

86.2
10.0
62.0
48.0
8.0
o)
53.0
62.0

TOTALS

553.6

- 155 -
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

LMDk
‘ ——
GIMBAL Al_
POSITION
DISPLAY
H RATE |, CAM
Q\ 27 GYROS ENGINE
q\w\m\\w_moz:m . 7 » GIMBALS |-
L0000 <—{FDAI}+{BMAG : > .ﬂ_mumul_"ﬂ.
L mewmwsﬂ\ » THROTTLE|
O | AGCU 172077 SCS
ENTRYZ/ ZMERY ELECTRONICS
DISPLAY A CREW L AT
oy i)

‘ CAM
v RCS

CONTROL PANEL > )

AV
DISPLAY [ _lv TRANSLATION M
T CONTROLLER 5] RCS
NORMAL
ROTATIONAL

Y

CONTROLLER DIRECT
> CM
RETROS
X ACCELEROMETER
7| ADDED TO APOLLO SYSTEM
11-63 PS 61183
- 157 -
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

SONMBELLAL

RENDEZVOUS

MOD SCS MOD G&N

FUEL FUEL
PURSUIT

WT (LB) WT (LB) NAVIGATION
400 — Y

140
360}
320} 120
280 _=smasss MOD SCS

B e MOD G&N

._oo — “ 1

240} o
s/ coLlsioN |
COURSE NAV
200} 80
160 60 l“““ll“ ymmmm '
-.

120 _

40 MOD

80 SCS
ol — | _ |
0 1.0 2.0 3.0

INITIAL RANGE-SPACE STATION ANGULAR SPEED
| INITIAL RANGE RATE|

11.63 PS 61185
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| CONPDENTA

|

HEATER POWER
(WATTS)
200

MOD G&N

160

120

80

40

MOD SCS

0 i
+50 0 -50 —100
INTERNAL TEMP (°F)

NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

G&C EXTERNAL STORAGE

PROBLEM AREAS

® ACCELEROMETER SUSPENSION

® PRESSURE BOTTLE

® G&N SPECIAL HEATERS FOR

=_25°F

® 5CS SPECIAL HEATERS FOR

= -45°F

161 -
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

G&C ORBITAL STORAGE

MAINTENANCE
PROBABILITY INTERVAL :sov
OF SUCCESS 3r
.0
! i MOD SCS
.9 APOLLO scs
.n:'::-! 2 F
I MOD SCS i
8} -
- i MOD G&N
+ APOLLO SCS
7F N §
i MOD G&N
oL + APOLLO SCS I
OA | | | { | | O | | | |
] 2 3 4 5 6 1.0 .98 96 .94 .92
STORAGE TIME (MO) PROB OF SUCCESS
- 163 -
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APOLLO

‘.Mv_..ed .

NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

APOLLO CREW PANEL MATRIX

N %

DISPLAY MATRIX

BAROMETRIC INDICATOR

RENDEZVOUS & ENTRY DISPLAYS
(INTEGRATED; SPACE SHARING)

S CS DISPLAYS

EMERGENCY DETECTION SYSTEM
& SEQUENCER DISPLAY

MASTER WARNING DISPLAYS
REACTION CONTROL SYSTEM

COMPUTER CONTROL &
READOUT (GUIDANCE)

APOLLO

9

- 165 -

&

10

n
12

13
14

DISPLAY MATRIX

CREW SAFETY CONTROL
PANEL

CRYOGENICS-ECS-AUDIO- &
RADIATION PANEL

O, WARNING
ELECTRICAL POWER SYSTEM

ANTENNA CONTROL PANEL

COMMUNICATIONS &
SERVICE PROPULSION
SYSTEM PANEL

*BLANK PANEL AREA

1163 PS6,255

L TR
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

SONRBELLAL.

9-63 P559672
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

STUDY AREAS

* OPERATIONS ANALYSIS

e LOGISTICS

* GSE

* RELIABILITY

* DEVELOPMENT PLANNING

* MANUFACTURING
o COSY

11-63 PS 61187
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

CONGISEALLLAL
ASSEMBLE
CHECKOUT fe---------- L T T Tm— ;
sC m | :
] ; i m
TRANSPORT "
SC _uxwr>>Cm_Mn: o%_whm@ | EmerGency | m
TO LAUNCH ; i "
AU ABORT ABORT ! OPERATIONS m “
"7 ¥ 4 4 m : | DEPARTURE v
: [RENDEZVOUY] ! i | FROM s5 &
i |PRELAUNCH] | LAUNCH WITH sS & | | 2»%08 %] CONDUCT | | REFURBISH
i loprrATIONS| |oPErATIONS[®] conDuCT [ | REENTRY &
m m Wv:;zmmx i | __MAINT || RECOVERY OR
m « m PERATIONS m m OPNS SALVAGE
m LAUNCH- |: m m
: | PRELAUNCH Boost | i | UNSCHED | 3
i | ASSEMBLY PHASE |- > SC - “
: ABORT | “ MAINT m
i | PRELAUNCH
i | CHECKOUT e !
. |EMERGENCY|  [emErGENCY|
"> PRELAUNCH }-+! LAUNCH |
OPERATIONS] [|OPERATIONS 11.63 PS 61188
e SURRRLNIAL.
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

OPERATION DEVIATION
® L/V ASSEMBLY & CHECKOUT e NONE
® SC MATING & PREPARATION ® INSTALLATION OF SOLID RETROS
e BATTERY ACTIVATION
® FILLING OF INCREASED CAPACITY WATER
TANK
®* CARGO STORAGE & LOADING * UNIQUE TO MODAP
CRYOGENIC STORAGE & TRANSFER OF
LIQUID CARGO (SIMILAR TO FUEL CELL
LOADING)
ON PAD LOADING & UNLOADING OF
STORABLE CARGO
* CREW & PASSENGER LOADING o DELAY UNTIL LAST POSSIBLE MOMENT
® LAUNCH CONTROL * NONE
* MISSION CONTROL * GOSS TAKES ON DOMINANT
NAVIGATIONAL ROLE

11-63 PS 61190
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

MODAP VEHICLE REQUIREMENTS

ACTIVATION OF STATION

LOGISTIC SUPPORT

ADDITIONS TO COVER 5% SC FAILURE RATE

ADDITIONS TO COVER 5% LV FAILURE RATE

TOTAL VEHICLE REQUIREMENTS

® NO REUSE

® LAUNCH BY S-IB (ADEQUATE CARGO CAPABILITY)
¢ SIX MONTHS CREW DUTY CYCLE
® SUFFICIENT AMR FACILITIES ASSUMED

11.63 PS 61191
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

EXCESS LAUNCH CAPACITY
ABOVE APOLLO REQUIREMENTS

GONLLLLL -

LAUNCHES
PER YEAR

_Aﬁl

“““-I.....-.... .-..-....-.I.-I
LAST APOLLO LAUNCH oo \
o TOTAL

12 FROM NO. 37 ﬁ

COMPLEX 37

‘r‘—‘—‘—‘-.-.-.-._l-.-.-.-.-._._.-l”ﬁ-.-l-.-*-.-'-.
COMPLEX 34

MODAP OPNL PERIOD

L L T yupupiy RUPY

S S

69 70 71 72

<m>w 11.63 PS 61189
T NIRRT
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

f— STORAGE PERIOD (< 6 MO)—
FUNCTIONAL
OPERATIONALM
CHECKS
MODAP STORAGE |, DESCENT EARTH
DOCKING PREPARATION PREPARATION RETURN
CONFIDENCE
1 CHECKs i_
|
L LIDIAGNOSTIC
CHECKS
SUBSYSTEM SPARES|WT (LB) | ,
SCS 19.86 h
G/N 21.52
/ SYSTEM
COMM & DATA 7.94 REPAIR
ECS 7.10 5
TOTAL WT & 56.42
- 179 - SSONTIEN T
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

GROUND SUPPORT EQUIPMENT

AUXILIARY
EQUIPMENT

CHECKOUT
EQUIPMENT

HANDLING
EQUIPMENT

SERVICING
EQUIPMENT

EXISTING
APOLLO
EQUIPMENT

EQUIPMENT
REQUIRING

MODIFICATION

NEW
EQUIPMENT
REQUIRED

TOTAL EQUIPMENT
REQUIREMENTS

- 181 -

SID 63-1459
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

RELIABILITY GOALS

SUBSYSTEM APOLLO MODAP
G&N 0.9889 0.99568
sCS 0.9946 0.99568
COMMUNICATIONS 0.9877 0.99428
STRUCTURES & MECH 0.99993 0.99415
ENVIR CONTROL 0.9977 0.99428
CARGO PROPULSION 0.9998 0.999992
ELECTRIC POWER 0.9989 0.99142
INSTRUMENTATION 0.9976 0.99142
CREW MODULE RCS 0.99997 0.99989
CARGO MODULE RCS 0.9994 0.99977
EARTH LANDING 0.99994 0.99989
LAUNCH ESCAPE 0.999989 0.99996
RETRO-PACK | memeeeeee 0.99988

9638 | 0.9571
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

PREDICTED S-IB RELIABILITY GROWTH

RELIABILITY
._.Ooﬁ. : _
: MODAP :
98 r€—— (PN | ———————mmp

PERIOD

.96

.94

.92

88 T69 T70 T 7 72 [ 73 | 74 | 75 | 76 | 77
YEAR
- 185 - 11.63 PS 61241 |

SID 63-1459



65¥1-¢9 dIs

R - 981 -

‘uotjels adeds B JB S9I3TAI}OR SOUBUIIUTBW PSJTWI JO 9snedaq 2de[d a)B] PINOM Wa}SAS 2ITIUD 2}

jo uotjepeISop MOTS B 9wil} Yjlm asnedaq suoilirpuod Surjerado mau o3 dn Mdeq 2101Yysa JVAOWN 2Yy3 Sutiq

0} o1qissod aq jou prnom Arqeqoad 31 19a91 Aqiqer[ax arqissod 3say3iy ayj o3 ydoeq WLIshs ayj Juraq

031 pouwtojyiad 9dourUIIUIRBW AIBSSIDOU PUR 9PBUW 9 PNOM SHDDYD ‘[BAILIUT OIpolrad awos 1y ‘Arsnonun

-uod pojeiado siom walsAs oyl JT UBY]J SSO] 99 PINOM 2WIT) YITm AJI[IQEI[SI JO UOIIdNPaI pajdadxa ayj pue
‘uorjels ooeds ayj 3¢ 28er03s jusdsonb ur poderd aq prnom puey I2Yj}0 9yl U0 swalsks JVAOW YL

"3a1'YD 2y} uo umoys jurod ayj o3 papeidap

2q yStw Ajiqel[ax ayj ‘poraad oam-omi 9yl JO PUS 9Y) B NG ‘SWIT] O] SWIT] WOJI] 2AIND SIY] 9sTel

pInom eduerusjurew JySI[Ful owl yitm A3ITIqeI[os pojdadxas jo uorjepesdop piders ATite] B 9q pinom aIayl
‘or0joaoy] ‘Arsnonurjuod Jurjerado swolshs swos aaey pnom ofjody 8yl ‘syaam om) ayj during

‘uotiels aoeds ® je 93®vI031S [BJIQIO SYIUOW-XIS (YI}IMm UOISSTW
21351807 SVAOW 24} I0J 9UO Pu® ‘UOISSTW [BIIGIO YlIea daam-om) e Surysijdwoode ojody ayj I0J ST
2UQD 'UMOYS 8I® SI[DIYaA OM] 9Uj U0 wialsAs uaaild B I0] awilj sSNsIaa AJITIQEITII JO S2AIND Ted1dAT

Ty yitm

£3111q®EI[921 JO UoTlEpRIdep 1091Fe AT3easd apow Juijerado pue UOISSTW Ul S2DU2IDJJIp Jolew ‘awes ayj

A1erewtxoidde a1e sjusweiinbaa AII[IqeI[oI puUE SS[DIYDA Om] Y} UO [BOIJUSPL 1€ suwdlshks Auew y3noylry
‘waoy Tedtydead ur umoys a1 YO pue ofjody uUssmilaq s20UaIJJTP AJITIQRI[SI 2Y] JO 2WIOS

ALTTIAVITHYE

. \ TVIIN3AIINOD

NOISIAIA SINH.LSAS NOLLYVIWHOANI PUB HOVIS "ONI 'NOILVYIAY NVYVDIHAINWY HLYON



NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

RELIABILITY

= == == APOLLO (14 DAY MISSION WITH
MAINT AS REQD)

MODAP (QUIESCENT STORAGE
WITH MONTHLY MAINT)

REENTRY

RELIABILITY
1.0000

9995

.9990

.9985

] ] | ] l | |

2 3 4
TIME ( MONTHS)
SIS ALONEDENIES
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

QUALIFICATION REQUIREMENTS

APOLLO E
SUBSYSTEM  |o0 GVIDES QUAL| MOBAP RIAL
STRUCTURES & MECH X
LAUNCH ESCAPE X
EARTH LANDING SYS X X
RCS X
ELECTRIC POWER X
ENVIR CONTROL X
LEM ENGINE X
SOLID RETRO X
G&N X
SCS X
COMMUNICATIONS X
INSTRUMENTATION X
GSE X
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. NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

PRELIMINARY DEVELOPMENT PLANNING

64(1965

1966|1967(19681969{1970| 1971
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START

Y

D DESIGN

DWG 157

\A \'

RELEASE OPNL FLT

PROG DEFINITION
& PRELIM DESIGN
PROG DEF STUDIES
PROG EVAL (NASA)

RDT&E

DETAIL DESIGN
MOCKUP CONST
ENGINEERING DEV
DEIl

ENGINEERING MAINT
TEST VEHICLE FAB
DROP TESTS

STATIC TEST

FLIGHT TEST

BRI N 212] (5)

OPERATIONAL
FABRICATION
OPERATIONAL FLIGHTS
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

BOMLIA LA
1967 1968
JIFIMIAIMIJ[JJAIS[OIN[D]JTFIMIATMIJTITATSTO[N]D
BREADBOARD & DES-DEV TESTS _ 4
COMP & SUBASSY QUAL TESTS$ ]
DROP TEST VEH NO. 1 **CM I
DROP TEST VEH NO. 2 *rem| 3
TETHERED DROP TESTS _
(VEH NO. 1) CM C <<>qu & LAND |
AIR DROP TESTS CM WATER & LAND ]
*
wmmx._ﬁ.hmﬁm_._._w<w~“vm & FUNCT MR’Z%. EOU>F ACOUSTIC & VIBR FUNCTIONAL TESTS w
STATIC TESTS **ECM & CAM _ 3
PROPULSION TESTS  TEST FIXTURE ]
TEST
DEORBIT RETRO TESTS FIXTURE _ )
ENVIR PROOF TESTS CM & CAM [ 3
sk 4
UNMANNED QUAL FLT CM & CAM _
o * Y
CM &

UNMANNED QUAL (BACKUP) EM ¢ _
1ST OPERATIONAL FLIGHT y

* MFG DELIVER VEH WITH
REQ SYS INSTL

* * REBUILT APOLLO BP
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CREW MODULE MFG

DOCKING COUCH SUPPORT
MECHANISM _._Z_Al/ HORIZONTAL

SHOCK
\m y ATTENUATION
’¢

FWD HEAT SHIELD

CREW COMPARTMENT
HEAT SHIELD

A o
> = -

4
N
>4\

IMPACT ATTENUATION
STRUTS

LANDING RETROS

S COMPLETE
@ ST O %m ASSEMBLY
COOLING & N7 S
WATER @ < (g 4
TANK— © apd
e B
& , @d@
, CH % .
| /
-
INNER CREW T HEAT
COMPARTMENT S
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DI

CARGO MODULE MFG

PROPELLANT TANKS

CARGO
PACKAGES
SOLIDS

)

STRUCTURE _.
ASSEMBLY
LEM DESCENT ENGINE
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CM REUSABILITY
® NO REUSE POSSIBLE WITH CURRENT ELS

e WITH DEPLOYABLE HEATSHIELD & RETRO ROCKETS:

REFUSE INHERENT IN STRUCTURAL DESIGN
(NO CHANGES OR AWT REQD)

CONICAL HEATSHIELD COULD BE EITHER ABLATOR
OR RENE’ 41 HEAT SHINGLES

® MODULAR DESIGN OF APOLLO SUBSYSTEMS
ENHANCES EQUIPMENT REFURBISHMENT

® 3 REUSES APPEAR PRACTICABLE WITH APPROX
257 REFURBISH/ USE

© DEVELOPMENT TIME & OPERATIONAL QUALITIES
WOULD BE SAME WITH OR W/0 REUSE

- 199 - —_
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NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION

COSTS SUMMARY
RDT & E, 49 FLT ARTICLES, 5 YR OPN

1‘ \A’
ENGRG, QA & LOGISTICS 121,023,000
FABRICATION, FACTORY SUPP & QC 87,600,000
TOOLING 6,413,000
MATERIAL & SUBCONTRACT 634,614,000
MISCELLANEOUS 7,750,000
S&ID SUBTOTAL 857,400,000
SPARES (FLIGHT & GSE) 150,350,000
FACILITIES 300,000
S&ID TOTAL 1,008,050,000
LAUNCH VEHICLES (42) & OPNS 861,000,000
RECOVERY OPNS 2,200,000
AMR MODIFICATIONS 4,000,000
CREW & PASSENGER TRNG 6,100,000
GRAND TOTAL 1,881,350,000
*BASED ON 1967 DOLLARS; INCLUDES FEE, G&A, MPC
. 201 11-63 PS 42596
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

FISCAL FUNDING
RDT&E, 49 FLT ARTICLES,

ANNUAL
FUNDING 5 YR OPN
($M)
500
400
N TOTAL
300 ... \ PROGRAM
L ) ‘0
200 ey, "o
/.IT '-!..0
. S&ID
100 ~. .\
N
N\,
0 — — _IllnnJ'LlL
65 66 67 68 69 70 71 72 73
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
- CONEIDEATIAL

PROGRAM COSTS VARIATIONS

=== NO REUSE
» ==CM REUSE (<4 FLTS), 25% REFURBISH

PROGRAM
COST

($M)
2000 | | |

1500 |-

1000 |-

500 |- |

13 22 w*_ 40  VEHICLES

! |
0 1 2 3 4 5

YEARS OF OPERATION
- 205 - 11-63 PS 42595

SID 63-1459




6S¥1-¢9 IS

TVILN3QIINOD

NOISIAIA SINALSAS NOLLVWHOANI pu® JOvVdIS "DONI ‘NOILVIAY NVYOIHd3IWY HLHMON



NORTH AMERICAN AVIATION, INC.

SPACE and INFORMATION SYSTEMS DIVISION
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
.-""An"vv—ﬁl- ‘"”"_l_—l—_mmr- ‘“uv —lg—mmw \\\MM/ g

(
® MINIMUM CHANGE APOLLO EFFECTIVELY & ECONOMICALLY

PROVIDES SPACE STATION PERSONNEL CARGO RESUPPLY

® SAME BASIC DESIGN REQD FOR 4, 5, OR 6 MEN BUT
MOCK-UP TESTS NEEDED TO VERIFY ACCOMMODATION

¢ MODAP COMPATIBLE WITH T-1lIC BUT CARGO CAPACITY
FALLS BEK BELOW 24-MAN STATION REQMTS

e APOLLO ELS WILL NOT ALLOW ANY SAFE LAND
LANDING FOR 4 TO 6 MEN

® EXTENDABLE HEATSHIELD & LANDING RETRO FULFILLS ALL
FLT SAFETY REQMTS ---& INHERENTLY PROVIDES FOR REUSE

® MODAP DEVELOPMENT PROGRAMMED IN SERIES TO
APOLLO YIELDS FIRST OPNL FLT IN MID-1968 W/O

MLLP INTERFERENCE

® MANY AREAS REMAIN UNRESOLVED; ADDITIONAL
‘STUDY’ WARRANTED

N.63 PS 42598
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
ESNEDENTIRL

e INITIATE FOLLOW-ON STUDIES ASAP WHICH ADVANCE
PROGRAM STATUS WITH NOMINAL EXPENDITURES, e.g.

e SUBSYSTEM OPTIMIZATION --LEADING TO PREP OF PRELIM
PROCUREMENT SPECS

e TESTS TO RESOLVE UNCERTAINTIES NOT SOLUBLE BY
ANALYSIS, INCLUDING-
6-MAN ACCOMMODATION (VIA MOCK-UP)
ORBITAL STORAGE - MATLS & SYS TESTS
e FURTHER TECH ANALYSIS OF “SKETCHY” OR DISPUTED AREAS
ELS
CARGO PACKAGING & HDLG

DOCKING
“MOTHBALLING” CRITICAL STORAGE ITEMS

o NEW ANALYSES

HIGH INCLINATION OPN (C-5 LAUNCH)
MAINTENANCE AND/OR RESCUE VEHICLE APPLICABLE

3-MAN LOGISTICS VEH FOR SMALL SPACE STATION
e REFINEMENT OF PROGRAM SCHED, COSTS, ETC.
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